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IMPORTANCE Visual impairment is common among children in rural China, but fewer than
one-third of children with poor vision own and wear eyeglasses.

OBJECTIVE To study the effect of hospital-based vision centers on academic performance,
ownership of eyeglasses, and eyeglasses-wearing behavior in rural Chinese children.

DESIGN, SETTING, AND PARTICIPANTS Cluster randomized, investigator-masked, clinical trial
from September 2014 through June 2015. A vision center capable of providing refractive
services was established in the Hospital of Yongshou County, a nationally designated poor
county in rural Shaanxi Province, western China. All 31 rural primary schools in Yongshou
County participated; participants were all children in grades 4 through 6 (aged approximately
10-12 years) with uncorrected visual acuity of Snellen 6/12 or worse in either eye (2613
children). Data analysis was conducted March through May 2016, and data were analyzed by
the intention-to-treat principle.

INTERVENTIONS After teacher-led vision screening early in the school year (September-
October 2014), schools were randomly assigned to either early referral (December
2014-February 2015) to the vision center for refraction and free eyeglasses if needed or late
referral (March-June 2015) for the identical intervention.

MAIN OUTCOMES AND MEASURES The primary outcome was score on a study-administered
mathematics test (June 2015) adjusted for baseline score. Secondary outcomes were
self-reported eyeglasses ownership and wear at final examination (June 2015).

RESULTS All 2613 children evaluated were of Han Chinese race/ethnicity, and 1209 (46.3%)
were female. Twelve hundred children (45.9%) met the vision criteria. Among these, 543
(45.3%) were randomized to early screening and 657 (54.7%) to late screening; 433 (79.7%)
of the early screening group and 516 (78.5%) of the late screening group completed the
study. Of eligible children, 120 (27.7%) owned eyeglasses at baseline. The adjusted effect on
test scores comparing early and late groups was 0.25 SD (95% CI, 0.01-0.48; 1-sided P = .04),
with the point estimate equivalent to half a semester of additional learning. At the end of the
study, 347 of the 433 participants in the early group (80%) reported owning eyeglasses and
326 (75%) reported wearing eyeglasses; among the 516 participants in the late group, 371
(61%) reported owning and 286 (55%) reported wearing eyeglasses.

CONCLUSIONS AND RELEVANCE In this study, early provision of free eyeglasses was seen to
improve children’s academic performance and wearing of spectacles. These findings suggest
that a county hospital–based vision center may be an effective way to improve children’s
educational opportunities in rural China.
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A series of World Health Organization–supported stud-
ies suggest that approximately 10% to 20% of school-
aged children in low- and middle-income countries

have refractive error.1-4 Nearly half of children worldwide with
this type of visual impairment live in China.5 Refractive error
can be detected with simple vision screening and safely
corrected6 with accurate eyeglasses.1 Despite the existence of
this relatively simple intervention, in low-resource settings in-
cluding rural China, fewer than one-third of children with poor
vision own or wear eyeglasses.7-9

It is not known what accounts for the low rates of eye-
glasses use in these settings. Cost is not the main barrier to ac-
cess; earlier findings suggest that only the poorest families in
rural China cannot afford a pair of eyeglasses.10 In fact, many
families are willing to spend money on eyeglasses for their chil-
dren, even in poor areas.11

A primary reason for the low rate of eyeglasses owner-
ship may be lack of access to vision care services.12 An esti-
mated 625 million people are blind or visually impaired glob-
ally for this reason. Underserved areas, including rural China,
lack necessary facilities, infrastructure, equipment, and skilled
practitioners.13-15

Vision centers are one of the most popular strategies used
by nongovernmental organizations and governments attempt-
ing to overcome barriers to access to high-quality
eyeglasses.13,16,17 Vision centers are long-term facilities that pro-
vide affordable eye care services for local communities. They
tend to be promoted to people with uncorrected refractive er-
ror and offer a range of services that may include eye exami-
nations, refraction, and eyeglasses dispensing.13,16-18 Despite
their popularity, there is little published evidence evaluating
the quality and impact of the refractive services they deliver.

We carried out a cluster randomized clinical trial to mea-
sure the effect of vision centers on eyeglasses ownership, eye-
glasses use, and school performance among children. We hy-
pothesized that access to the optometric services provided by
the vision center earlier rather than later in the school year
would lead to significant increases in these measures. More spe-
cifically, by improving access to eyeglasses, the vision center
would engender an increase in ownership of eyeglasses, which
we hoped would carry over into an increase in eyeglasses use
(wear). We further hypothesized that increases in eyeglasses
ownership and wear would lead to improvements in stu-
dents’ educational outcomes.

In part to help ensure that increased eyeglasses owner-
ship would carry over into eyeglasses wear, we involved chil-
dren’s primary schoolteachers in the screening process. Our
hypothesis was that teachers would provide extra nudges to
students that might improve rates of eyeglasses wear. Ran-
domized trials conducted elsewhere have shown that involv-
ing teachers in school-based programs can significantly in-
crease rates of eyeglasses use.9 In addition, we hypothesized
that greater adherence to regular eyeglasses wear would yield
a greater observed effect size on educational outcomes. Pre-
vious randomized trials have shown that provision of spec-
tacles to children significantly improves academic perfor-
mance, even in the face of relatively low adherence to regular
eyeglasses wear.8

Methods

Setting
We established a vision center in the local government hospi-
tal of Yongshou, a nationally designated poor county in rural
Shaanxi Province. Yongshou County has a population of
186 100 and a per capita gross domestic product of $4308, rank-
ing 88th of the 107 counties in Shaanxi Province.19 Before the
vision center was established, there was no public provider of
refractive services in the county, and the 3 private providers
were all located in the county seat. Ethical approval for this
study was provided by the Stanford University Institutional Re-
view Board, and the principles of the Declaration of Helsinki20

were followed throughout. Permissions were received from the
local boards of education in the study area and the principals
of all participating schools. All participating children gave oral
assent before baseline data collection, and legal guardians gave
written informed consent for their children’s involvement in
the study. The study protocol is available in the Supplement.

Vision Center Setup and Staff Training
The vision center was established in collaboration with the
Shaanxi Province Ministry of Education and the prefectural bu-
reau of education overseeing Yongshou County. The govern-
ment’s goal was for Yongshou to act as a model county for all
of Shaanxi Province, eventually upscaling the program to pro-
vide vision care to all rural children in the province in grades
4 to 6 (aged approximately 10-12 years).

The Yongshou County Hospital selected 3 employees (1
ophthalmologist and 2 ophthalmic nurses) to staff the vision
center. These individuals underwent formal refraction train-
ing at Zhongshan Ophthalmic Center in Guangzhou, China. The
training lasted 1 month, from September to October 2014. At
the conclusion of the program, all 3 employees received na-
tional certification as qualified refractionists and opticians from
China’s Ministry of Labor and Social Security. After this for-
mal training, the Yongshou staff members underwent 1 month
of supervised practical training in their home county, during
which time each staff member screened and measured refrac-
tive error in hundreds of children from local schools and un-
derwent practical instruction in eyeglasses dispensing. A con-

Key Points
Question Can a county-based vision center increase eyeglasses
use and improve school performance among primary
schoolchildren in rural China?

Findings This cluster randomized clinical trial of 31 schools and
2613 participants showed that children who received eyeglasses
earlier in the school year performed significantly better on an
end-of-year mathematics test than children who received
eyeglasses later in the year, equivalent to half a semester.
Provision of free eyeglasses also improved children's use of
spectacles.

Meaning A county-based vision center is an effective way to
address vision care problems and improve school performance in
rural China.
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sultant from Brien Holden Vision Institute provided
management training, including inventory control and rec-
ord keeping.

Sampling, Eligibility Criteria
We enrolled all rural primary schools in Yongshou County, and,
in each school, examined all children in grades 4 through 6.
Children were eligible for participation if they had an uncor-
rected visual acuity of Snellen 6/12 or worse in either eye.21

Randomization, Interventions, and Masking
The study was conducted as a cluster randomized clinical trial,
with randomization occurring at the township level. After stu-
dents received teacher-led vision screening from September
to November 2014 (beginning of the school year), schools were
randomly assigned by township (cluster size, 5-6) to 1 of 2
groups: an early referral group, in which all children who met
screening criteria were referred to the vision center for refrac-
tion and free eyeglasses as needed from December 2014 to Feb-
ruary 2015 (middle of the school year), and a late referral group,
who received the same intervention between March and June
2015 (end of the school year). Members of the study team con-
ducted randomization at their offices at Shaanxi Normal Uni-
versity, in Xi’an, China, using Stata, version 13.1 (StataCorp).

In total, our study included 11 townships (clusters), with
an observed intercluster coefficient of 0.025. Assuming an α
of .05 and an R2 of 0.5, our study was powered to observe an
effect size of 0.25 at 80% power.

Teachers initially received 1 day of instruction on vision
screening by vision center staff. Parents of children with un-
corrected visual acuity less than or equal to Snellen 6/12 or
worse in either eye received a letter describing the program and
inviting them to bring their children to the vision center for a
free examination that included rescreening, refraction, and a
free pair of eyeglasses if needed. Teachers also provided a list
of students who met the screening criteria to the vision cen-
ter staff, who made follow-up phone calls to schools and fami-
lies to encourage parents to bring their children for services.

Participants (students, parents, and teachers) and vision cen-
ter staff were not informed of the study design or group assign-
ment. Because teachers did not have the skills to conduct vision
screenings before receiving formal training, and the formal train-
ings were only administered by vision center staff at the assigned
time, contamination across treatment arms was nearly impos-
sible. Participants were told only that this was a study of vision
care among rural schoolchildren. Teachers were unaware that
they were participating in a trial and were masked to group as-
signment at the time of outcome assessment.

Data Collection
In September 2014, all sampled students were administered
a standardized mathematics test as an index of academic
achievement. The test was administered by the Bureau of Edu-
cation and proctored by teachers in each school. Mathemat-
ics was chosen for testing to reduce the effect of home learn-
ing on performance. Immediately before the start of program
interventions in each school, teachers administered a socio-
economic survey to all children, collecting information on sex,

eyeglasses ownership, boarding status, and parental migra-
tion and educational attainment. Finally, in June 2015, all stu-
dents in the sample were again administered the standard-
ized mathematics test and socioeconomic survey.

Our primary outcome was the final mathematics score,
which was adjusted for the baseline score and expressed in SD.
Secondary outcomes were self-reported eyeglasses owner-
ship and wear at the time of final survey. Children were asked
to describe their eyeglasses wear as “always,” “only for study-
ing,” or “usually not worn.”

School-Based Visual Acuity Assessment
Visual acuity was tested separately for each eye without re-
fraction at 4 m using Early Treatment Diabetic Retinopathy
Study charts (Precision Vision) in a well-lighted indoor area.22

Children owning eyeglasses were requested to bring them to
school, and their visual acuity was tested with and without ha-
bitual correction. Visual acuity for an eye was defined as the
lowest line on which 4 of 5 optotypes were read correctly. If
the top line could not be read at 4 m, the participant was tested
at 1 m, and the measured visual acuity was divided by 4.

Vision Center–Based Vision Screening
All vision screening at vision centers was carried out by 1 of
the 3 trained refractionists in the Yongshou County Hospital
vision center and followed China’s strict national guidelines
for vision care for prescribing spectacles. Specifically, the re-
fractionists followed 6 steps before prescribing spectacles to
sample children. First, they discussed the child’s corrective lens
history and readministered the visual acuity screening de-
scribed above. Based on the results of this screening, chil-
dren with uncorrected visual acuity of Snellen 6/12 or less in
either eye underwent cycloplegia with up to 3 drops of cyclo-
pentolate hydrochloride, 1%, preceded by a drop of propara-
caine hydrochloride, 0.5%, to prevent accommodation and in-
accurate refraction. All center-based vision testing, including
cycloplegia, was conducted in a single visit for each child. Chil-
dren then underwent automated refraction (Topcon KR 8900;
Topcon Medical Systems, Inc.) with subjective refinement by
the refractionist. Children were eligible for spectacle prescrip-
tion if they had an uncorrected visual acuity of Snellen 6/12
or worse in either eye after cycloplegia. Finally, before pre-
scribing spectacles, the refractionist measured each child’s in-
terpupillary distance and measured the lens power of the child’s
original eyeglasses, if any. The vision center was stocked with
approximately 10 different styles of child-friendly frames. Chil-
dren were allowed to choose the frames they liked best.

Statistical Analysis
All analyses were performed using Stata, version 13.1 (Stata-
Corp), calculating robust SEs to adjust for clustering by town-
ship. Baseline and final mathematics scores were standard-
ized for each grade separately to give a mean of 0 and SD of 1
among late referral group children at baseline. Baseline eye-
glasses ownership was defined as having a pair of eyeglasses
at school, after being asked to bring them. Refractive power
was defined throughout as the spherical equivalent (spheri-
cal power plus half the cylindrical power).
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For intention-to-treat analyses, with eyeglasses owner-
ship and wear as outcomes, generalized linear models with
Poisson regression were used to estimate the relative risk for
the intervention arm after adjustment for baseline eyeglasses
ownership and other covariates.23 One-way analysis of vari-
ance was used to estimate the intraclass correlation coeffi-
cient as a measure of clustering of final mathematics scores and
eyeglasses ownership and wear within each township. Ran-
domization groups were compared by intention-to-treat analy-
sis using multiple linear regression, with final mathematics
scores as the primary outcome for the main hypothesis and
treatment assignment and baseline mathematics scores as co-
variates. For the secondary hypothesis regarding uptake of eye-
glasses, the secondary outcomes were self-reported eye-
glasses ownership and wear (“only for studying” or “always”
compared with “mostly not worn”).

To reduce the inefficiency of estimation owing to miss-
ing values, we used multiple imputation in Stata as described
by Royston24 to impute the following data at baseline: board-
ing at school (n = 34), both parents out-migrated for work
(n = 30), and 1 or both parents with 9 years’ education or more
(n = 51).24 We used logistic regression for binary variables and
ordered logistic regression for ordinal variables. The indepen-
dent variables used for imputation included all nonmissing
variables (Table 1). For each variable, different models were
used for selecting the independent variables based on predic-
tive value and data availability. The multiple imputation ap-
proach created 20 copies of the data in which missing values
were imputed by chained equations. Final results were ob-
tained by averaging these 20 data sets using Rubin rules, which
ensured that the SEs for all regression coefficients took into
account the uncertainty in the imputations as well as uncer-
tainty in the estimation.24 A 1-sided P value was determined
a priori to denote statistical significance.

Results
All children included in the study were of Han Chinese race/
ethnicity, and 1209 (46.3%) were female. Twenty schools (6
townships, 543 children) were randomized to the early refer-
ral group and 11 schools (5 townships, 657 children) to the late
referral group (Figure). Of the 2613 children who underwent
vision screening at 31 selected schools in 11 townships, 1200
(45.9%) had an uncorrected visual acuity of Snellen 6/12 or
worse in either eye. The mean visual acuity at baseline for
sample students who met the study criteria for poor vision was
Snellen 6/24 (logMAR 95% CI, 0.61-0.64; Snellen equivalent,
6/24-6/30) or worse in the better eye.

Of the 1200 students with poor vision identified during the
school-based screening, 251 children (20.9%) were lost to fol-
low-up owing to a failure to complete the final mathematics
test. This left a final analytic sample of 949 students: 433 chil-
dren in the early referral group and 516 children in the late re-
ferral group (Figure). Children in the 2 groups did not differ
on any individual or cluster-level variables at baseline (Table 1).

At the end of the study, unadjusted mathematics scores
were higher in the early referral group (0.30 SD; 95% CI, 0.002-

0.614; P = .05) (Table 2). This is consistent with results from
the full multivariate model (0.25 SD; 95% CI, 0.01-0.48);
P = .04) (Table 3). We found that the baseline mathematics
score and parental educational level were associated with a
higher final mathematics score (Table 3).

Unadjusted results (Table 2) further show that rates of both
eyeglasses ownership and eyeglasses wear were higher in the
early referral group (ownership: 347 [80.1%] vs 317 [61.4%]; dif-
ference, 30 [18.7%] [95% CI, 6.19% to 31.22%]; P = .008; wear:
326 [75.3%] vs 286 [55.4%]; difference, 40 [19.9%] [95% CI,
2.62% to 37.10%]; P = .03). Again, these results were consis-
tent with the results of the multivariate analysis, which showed
higher rates of eyeglasses ownership and wear among chil-
dren in the early referral group. Factors associated with eye-
glasses ownership at the end of the study in multivariate mod-
els included baseline ownership (relative risk, 1.32; 95% CI,
1.08-1.60; P = .005) and uncorrected visual acuity (children
with worse visual acuity were more likely to own eyeglasses:
relative risk, 1.76; 95% CI, 1.49-2.08; P < .001). Results were
similar for eyeglasses wear at the end of the study, with base-
line eyeglasses ownership and worse uncorrected visual acu-
ity the only associated variables (Table 4).

Discussion
Principal Findings
Intention-to-treat analysis in this trial found a statistically sig-
nificant improvement in mathematics test scores among chil-
dren randomized to receive early vs late referral to a vision cen-
ter after vision screening, where they received free eyeglasses
if needed. The observed effect size of 0.25 SD is the equiva-
lent of approximately half a semester of additional learning.25

Prev ious studies of programs prov iding free
eyeglasses8,12,26 have generally shown low resulting owner-
ship and wear, even when educational interventions to pro-
mote eyeglasses use were included.8,27 The positive results of
this trial have important implications for future eyeglasses dis-
tribution programs: our results suggest that placement of a vi-
sion center in a local hospital may significantly increase ser-
vice uptake and educational outcomes.

Comparison With Other Studies
We searched PubMed on April 11, 2014, using the terms refrac-
tive error and myopia, cross-indexed with glasses and spec-
tacle, and vision center, vision care, distribution, impact, edu-
cational, academic, and school performance for articles
published in any language since 1970. We found no previous
randomized trials designed to examine the effect of local spec-
tacle service and delivery models on children’s school perfor-
mance, ownership of eyeglasses, and eyeglasses-wearing
behavior.

A recent review25,28 of randomized trials with educa-
tional outcomes in primary schools in the developing world
listed 60 health-related trials, including 22 deworming stud-
ies, with a mean effect size of 0.013 SD, and 38 nutritional stud-
ies, with a mean effect size of 0.035 SD. The improved educa-
tional outcomes achieved through the provision of eyeglasses
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in this study (0.25 SD) thus compares favorably with that of
other health-related interventions.25,28

Strengths and Limitations
Strengths of this study include its randomized design, popu-
lation-based sampling, successful collaboration with the lo-
cal bureau of education and the local county hospital in the
conduct of the study, and a policy-relevant choice of county
hospital as the distribution point for eyeglasses, all of which

increase confidence in the findings and their relevance to ac-
tual programs. Weaknesses must also be acknowledged: the
unadjusted effect size of our main study outcome was not sta-
tistically significant, although the adjusted effect size was sig-
nificant and the point estimate of 0.25 to 0.3 SD was larger than
that recorded in a previous similar trial. Furthermore, all
schools were drawn from a single county in rural northwest
China, which limits external validity. Other weaknesses in-
clude the modest follow-up (79.1%); although children with
and without follow-up differed only with regard to visual acu-
ity (Table 1), and follow-up rates did not differ between groups.
Also, one of our secondary outcome variables (spectacle wear)
relied on self-reported data, which may overestimate actual
behavior.8,9 For ethical reasons, our study design delivered an
identical service to both groups. This may be viewed as a weak-
ness, but because the late group received refraction and eye-
glasses late in the school year, the expected association with
our principal outcome, performance on the mathematics test,
would logically be reduced by the shorter period of learning
without visual impairment. Finally, we did not attempt in the
current article to calculate program costs or attempt any eco-
nomic modeling, which may be valuable in the future.

Conclusions
Despite the limitations, this test of a county hospital–based
model of refractive service delivery shows that provision of free
eyeglasses both improved children's academic performance
and increased their use of eyeglasses. These findings suggest
that vision centers may be an important model for China and
other counties with a high prevalence of refractive error.

Table 2. Mathematics Score, Eyeglasses Ownership, and Wear by Study Group
at the Final Visit Among 949 Children

Outcome Variables at Final Visit
Early Referral Group
(n = 433)

Late Referral Group
(n = 516) P Valuea

Mathematics score, mean (SD) 0.14 (1.01) −0.16 (0.97) .05

Self-reported eyeglasses ownership, No. (%) 347 (80.1) 317 (61.4) .008

Self-reported eyeglasses wear, No. (%) 326 (75.3) 286 (55.4) .03
a Calculated using the paired

2-sample t test.

Table 3. Linear Regression Model of Potential Factors Associated With the Final Mathematics Score

Characteristic

Univariate Model Adjusted for Baseline
Mathematics Score (n = 949) Full Model (n = 949)
Regression Coefficient
(95% CI)a

P
Value

Regression Coefficient
(95% CI)

P
Value

Early referral group 0.22 (−0.05 to 0.50) .10 0.25 (0.01 to 0.48)b .04

Male sex 0.04 (−0.14 to 0.22) .60 0.02 (−0.16 to 0.21) .77

Baseline standardized mathematics
score

0.53 (0.42 to 0.65)b <.001 0.53 (0.42 to 0.63)b <.001

Distance between town and county
seat

0.00 (−0.01 to 0.02) .34 0.01 (0.00 to 0.02) .21

Visual acuity of better eye 0.32 (−0.36 to 0.42) .86 0.10 (−0.37 to 0.57) .64

Owned eyeglasses at baseline −0.04 (−0.22 to 0.14) .60 −0.09 (−0.30 to 0.12) .36

Boarding at school at baseline 0.04 (−0.18 to 0.25) .70 0.06 (−0.26 to 0.38) .67

One or both parents with ≥9 y of
education

0.12 (0.01 to 0.23)b .04 0.13 (0.01 to 0.26)b .03

Both parents out-migrated for work 0.0001 (−0.21 to 0.21) .99 0.01 (−0.16 to 0.19) .87

a Except for the regression coefficient
for baseline mathematics score
(simple regression), coefficients for
the different variables are for
multiple models with the final
mathematics score as dependent
variable after adjustment for the
baseline mathematics score.

b Indicates comparisons for which the
95% CI for effect size does not cross
zero.

Figure. Flow Diagram of Enrollment and Progress
of Children Through the Trial

31 Schools assessed for eligibility
(11 townships; 2613 students)

20 Schools (6 townships;
543 students) randomized
to early referral group

6 Townships (20 schools;
433 students) included in
multiple imputation analysis

1413 Students excluded
(visual acuity greater
than 6/12 in both eyes)

31 Schools (11 townships;
1200 students) randomized 

11 Schools (5 townships;
657 students) randomized
to late referral group

11 Schools (5 townships;
516 students) included in
multiple imputation analysis

110 Students lost to
follow-up (changed
schools before final
visit or absent on
follow-up date)

141 Students lost to
follow-up (changed
schools before final
visit or absent on
follow-up date)
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